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(54) COMPOUND FOR ORGANIC EL ELEMENT AND ORGANIC EL ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a compound which can be used as an 
organic EL element, particularly as a hole infusion 
transporting layer, because it shows prolonged emission life 
and high brilliance of high durability and reliability. 
CONSTITUTION: This compound is represented by the 
formula (R1-R4 are each an aryl, an alkyl, an alkoxy, amino, 

halogen; r1-r4 are each 0-5; R5-R6 are each an alkyl, VU*^<!?-\ r ^ /"V*^ 

alkoxy, amino, halogen; r5, r6 are each 0-4), for example, \ / j^ 1 * * \ — / 

N,N,N',N'- tetra(3-biphenylyl)benzidine. This compound is ^ C )~ u 

obtained by heating a di(biphenyl) amine compound and a j=£ * — ' ^— * ) 7 ~^\ 

diiodo-biphenyl, or N,N'-diphenylbenzine and a iodobiphenyl \ ~< 

in combination, respectively, in the presence of copper. This ^ a 

compound has a high melting point, high glass transition 

point and the thin film formed by metallization or the like is 

clear and forms a stabilized amorphous smooth thin film 

even over the room temperature, thus it can be formed into 

a thin film by itself in no need of a resin binder. 
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i iai$t*t5S«aAiiiTi&D, c© 

E?LttA«l2lli*3tli**rr*»*9i3 1-3 6© 

[S!#9i 3 8] MIBX7L&AN£ltf&j£© AttS 2 
l&±T#tfi£3n3§if*5i3 7©tf«EL*F. 

[18*313 9] W!2IEftaAtfti§l©'J>ft<£t>ll 
WJ^*7x>££*T*i**a3 8©W«EL* 

[i*i4o] «54fc*«2JB**rr*Bi#H3 7~ 

3 9 ©^1* n*^©^«|E LJtff. 40 
[I*S4i] ttE&«EL**J8fl;£*©4>ft<i 

Ti&O. Jl©llC»LTB3fc«tB** , r*Ji*fctt**' 

*^aA«3i«i6s*-r-5Jii©'f*>fl:#T>->+;u 

Ip©M#0. 2 5eV£U:-p<& -511**3 1. 3 5$fc 
[0 0 0 1] 50 



ftBB¥8-4 86 5 6 

>RW#T**#«EL*^fflfl:^ft*J:^aiEL 
[0 0 0 2] 

[fi£*©8ffi] 3ttJBWr*CifcJ:oT««tt 

[0 0 0 3] tte05"h?7U*-^7S>JMb 

»iUT4*H*2 - 2 7 7 0 7 H»4MIC«RSftTV» 
**». *«EL# : FJafl;^*iUT©fflJ*ttfir5*WS 

nt^&v>. 

[0 0 0 4] **EL*m S3fctt*«fc. 

©x*-> h >#&«f 5(&©ft©sm «?t • ido * 

[0 0 0 5] d©^«ELJtl?-©1#att, 1 0V £TF© 
100-100000 cd/m 2 @£©if JSSg©ffi 

563t*^«T* o . £fc&#tt&n©asi£SiRTs z. 
[0006] L#Lft#e>. ^raiELjR^oraajsitt, 

©HHibTtt. 

[ooo7]<D *«Mb^tt(D«anadMs 

:u «^©m«ax«©*<b. fife *eat®»©HH 

i. ttJKKJtoiiia^rtfttf&CD. «ttWIL<«T 

Attff©fBa^tfft«qB!:D. 8tt2&gs©<£T^«M© 

<^**^-*X#yh©fllHfc%>ft«. ) 
[0 0 0 8] © ttfi®fiflS*MI 

/hS^JSiUTMg, LI. Na, A 1 fcifcfflt^T 
nn6©*Rtt*««t>©*»^»*iKl6:i/& 
0. #Slli©iHlBt7iig^0. m??ttA*tT#^<^ 

^, AMR»©aff«tt^>^fttt«t««©K4bSft;«{eii 
T5fc», %M<Dmmm^K>. 9-9 vims. 

[0 0 0 9] <s> 5bb»*jwk<. mmm^-t 
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[ooio]® *«fls£*l©#fl;*H»fc • 
[ooii] cn6©aui£*H*-r-6¥afci/T. ie?l 

(*-*) ftAII3&**»iHlttAtt**74 U 
fciE?H*2Ht*SiliH«7 5 >*» 6«A S nfc%«E L 
ftMUS 63-295695 (tt«*Btt 
Ifj64 7 2 0 4 3 2*fiM*) CBBwanT^*. H# 
Wfctt, ±IH#MBa6 3-2 9 569 5^S©HiSW 

i.io *s±tf 1 1 ir*^T, -f y-J'Oh • &mm& 

(PC- 10) (3 5nn, a&5V>tt3 7. 5nm) , *- 
;H»«ffll. 1" -t'7. (4-v-p- YV)V7kJ7 
i-)H ->£'D'vHf-> (ATA- 1 ) (3 5m, $>£ 
CSBT3-77 - 5'nflr , SBfcfflfc.EtfVf aAtfi2tffl7;l/5 
=^Ah'JX**'» (CO-1) (60nm) , :fe«fctf 
Mg-AgAV-H (2 0 0nm) T»*Sftft*|EL 
*?jo«iissnTt»*. ^E-UTC:©^ *-Jfe«»*« 
•C5 0 0«fWB»S*&»^, 5mA/cm J Ta, flntllA 
#0. 0 8bW/cb 2 *^0. 0 5mW/cin 2 «£T^3 7. 5 
%) \Z. £fc2 0mA/cD 2 Tti> 0. 4 5 toW/cm 2 £ 0 . 
0 6 6mW/cm 2 tt£T$8 6. 7%) K, £fc4 OmA/cm 2 
Ttt. 1. 1 5mW/cm 2 ^e><0. lmW/cm 2 (ffiT#>9 
1.3%) KttTUTV»*. 3£lCte©IE?L*Si£tt^* 
&ES75>i:LT*;6S0!|l 2£<ktfl 3T, N, N, 
N* . N' -xK5-p-h'J;P-4, 4' -^757 
f7x^ (ATA- 7) . iJit/N, N, N' , N" 
-7-h5>7x-;l<-4, 4' -^75yk*7i^ (A 
TA-8) (3 7. 5im> #H*3nTW&«*. IMftt 

62. 5%<&9, &#t;t6 0%flrFLTH£. 
[0 0 12] h U 7 U — ^75 > (ATA — 

1) txh77U-;i'75> (ATA- 7) ©ffl^t) 

u^Higwi 443«ttfi 5tig^snTVi-5*i, rnt> 
k rn?.©iK**^^s«k^ic. %yt& : ?<D#tot 
i"ouzttfctznmi3 cxnm f&ytznzstvx 

[0013] c©ai»aHi*ttTsaAf*i»"c, * 

H1#I1F»5 0 6 1 5 6 94§m«. **WM*HW5- 
2 3 4 6 8 1 *Ka*SnfcjE?LI&2&tt*# 

t>2 0©Sg=7S>$#£^*. J&o3B=75>©** 



(8) &WW8-48 6 56 

*sntafs*H»7s>s«v»T>b. mm\zm?x£ 
fehit%%&nsz.t\itm\zMb<* mMi"VHD% 

[0014] mi*. .kenm. h&\,*ii±wsm\z 

*©j»i*tt*«fii»fc©K:, ^©^i-;naicea 

■r*3S*C«t0. 7**7TX««fc*U*»R«fttt 
JO tt. $&3Bfc**jMB<, HA14^« 

[0015] £&SSH*ffitt, *ifijaft©^av^t 

(10~3 0Q/D) aT*^ST»Sfc» I TO;J7 

(STM) (AFM) ©MglCfc* 

X/t->^fiEMSffiT2 Onm, E B sfcigfcT 4 0 nm 
®«©IHICi*i*0. SSI: I TO/^-r>^©y>( 

20 [0 0 1 6] C©CtSa*1-5fc*, I TOSBBfcfc 
«**7^D5/7=>'t>*l*Ji7^n*>7r:>*»tt& 
0 (±IE7Ka^fFm4 7 2 0 4 3 2^fiB#. 
±B4*H«6 3 -2 9 5 6 9 5^W) . #'J7'JU> 
Hnl/>*Xt>3-h'r*Zsif©***»»6nT# 

7->\m%&k?$>m?Lh®Mimn?. # u 7 u 

W>hr=U>tt3>A-S?a>Wr©«-ei TO*»^y- 
S?Sait& 0. «9S8fc£fc J: D«ff©BftiMlit t 

30 3tff©e«tt*»|6j±ttLfc*T3&. 

[0 0 1 7] *ffi. *Ttttt©lft±fcIW£U 

T. «tSI©H^S^^2i«K±ji-&l,&?g^lSK 

- 2 5 0 2 9 2^«lttt. ®g*5«tOWAtt©(6]±$ 
BWiUT. iE?LIASIIil«J:tf«jt(ltt«*-r«*»(b 

¥2-2 9 1 6 9 6^4i«lCtt, IE?L^MtSt6^^-rS 

IC. ftl»¥3-l 14 197^*lCtt, »3t«»«» 
3t»«©|S]±^gWtLT. «^fttAet38^Si:©W 

*B*»a*anTv»*. tfc, #M¥3 - 1 9 0 0 8 8 
^^^^©idFi (*-;w *<t^«^©a 
A^^ncts^t^awttT. mimm*&a/ 
^itm^mttmnytmtomtz. nmzm 

-5. *M3p4-3 3 4 8 9 4^«Ctt. US 

50 ©#ttfls^ttM£«A-r«»fr. S^S«ffi^*f2)<b 
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(9) 



8 6 5 6 



15 



16 



£*«MFaF*fcH. «A»*iE?Lnatt«*tt»**tr [ o o 2 1 3 

5 c t * ?fft t-r* 1 1 "b tBXtt t W±**« c t # 7**7 7 xtt«fc:m*«*B£jgtta«*a(| Wlc*o T 

«*SnTV»*. 1 8 2 7 6 2^&« +#IC*§$n. IEoT. /Vf 

tea, 8%R£aJteAR©nc8JHM <« *ns#Tr»BMk-r*i:t«tT*, *awswb^3t 

«*SnTl»*. 3 SIC, ftM¥3-2 8 9090^a T*#£©T h57'J-;P5?73 >SI«ft:T&-5*t8E 

©*aaffeWBfc*n&s«j:ofc«t>©iu f&t* 10 100221 *rc, to*iEL*ffflft^iitiis 

*H*Ct*»a«SnT^«. #BB¥4-178 NHKa:*«ELX7 £Sl3if5£iT?ifeS. * 

4 8 74£N«J:lfltll¥5-7 8 6 5 54i«fcli. W ^©H»P|©«£E±ff*a«©iJ-jr. gB#W&#fgft 

«»©a#wtittf, *»«a7;u*?-*?tr*B to o 2 3] 

)WI*SftTlr»*. #PB¥4-3 5 7 6 9 4^ [RH*»»T*fc»©^iH Cl©<fc5&gMtt. Tffi 

att&aaaaafeartu a»*jEE©«rFi»Att© m teasi 6r*sft*7-h?7U-^y75>R 

[0 0 18] %WtC&<tom\Z)),yi'>*ftKlt [0 0 2 4] 

"b©«»a*snTt»*. )^^y^mmvc%mm\z h- Mtiei 



i**, *fciE?L*3!R©¥»t»ttBI;:F-:/Lfc'b© 7U-;^*v'S, 75 y»*fcttAny>Ji^ 

Ttt. WK»Wrtl±f*i:t. 3SKtt«?¥aK:fe»t fc*U Ri . R 2 . Rs fcitfR* ©?■$©'>&<£ 

sy-i'Xiiiy h©*»*:»*IT**i:i39»*ftSnT lfltt7U-/l*-?**. rl, r 2. r3*Wr 

$B3 9igi^«a#Hffad 4 a. -tn-eno*&t4i~5©»»T*D, n. r 

iSiK^Mfc^lSSl. 2 8p-Q- 8 (1 9 9 2) : ft 2. r Sfcitfr 4 ©ftttl SU:©8»Ta0, 4>fc< 

^«XU^hn-jrxtffiW*# (JOE it>ia©7'J-JH**Ri ~R< ttTfiRfifT*. R 

M) 7-95/9 97*9 3 1 (1 9 9 2) ] . 6 fcitfRt tt. **Hfn7A-*JH, 7AO*->S. 

Sfc. h'J7i=^75>K»# (TPD) ©IE?LI& 73 /Si&ttAD^IiFFSau Ztt&ttH-Tfc 

». IBB, KB, ^EB. &5 4a«fflaa¥¥ffiR'Jtd (2) WIBRi ~R< ©5£©2~4|@at7'J-;i'»T 

Uf^m*. 2 9p-ZC-7 (1 9 9 3)]. &D, in&©7'J-;V*©5'6©^<^:'b2jH*JN 

[0 0 19] fta¥2-2 0 7 4 8 8 ©H^ttBKWl/T^^ttSfctt/^ttCIS^l/TH* 

tt. pffl©*«***«Rat*7'u>*i#tr*ii ±f2 (i) ©**EL*?jfNHNfe. 

*6ft**Wfc^**R16«»tfc>b©«»a!RSnT* (3) ttCRi ~R< ©~>£©'>fc< tt> 1[@©7'J- 

+ftu%ftn&t%%M&<D£fe&i)m*>ftz>z.t Aa«t7i=^a-c**±E (2) otiEL^b 
jWEaanrvi*. 

[0 0 2 0] bjJ>U C*l6©V»fn©EL*^fc*^ (4) TEffc 1 7 T^£n£±E (1) ~ (3) ©Vif 

rt>. a*a*©w±iv»5jUTaaTrt*'b©Ttta na»©*«EL**«fc*fc. 

l<>. 50 [0 0 2 6] 



»#©«^a*»6a:*]E?Laaaihux (8-*/u 

7;P5r.^7A©^3tlt^Wr-5^EL* : f 

* »HXAMaj©*a*a*¥»&aXR^c;i'7 
w>€H-7'Lfc>b©*»aasnTv>*. *ux. jetl 
^miic H-7tfcfc©TB, (8 -+y u y 7 
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Mtl 7) 

a. A* 

0^ (Rlo)rlO 

O A 

A 2 



18 



(Rr) f 7^-i- 



[0 0 2 7] [{t 1 7 iCfcHT, Ai , A 2 . As fc<£ 10 
ZfA< tt, *n-t*nN0|g£f£«fcjl*l,Trt7tt*&tt 

gfc£t>©-C$>oT i b«fcV\, Rt , Ri , R 9 fcitfR 

iott, en-en7;i^;i/£. 7^n*->a, tv-ii 

(Z 2 )s2 

(FUrS 




7, r8, r 9*«t)y:r 1 Oli-5-n-fno tfc«l~4 
©&&T&3. R 5 fcitfRs », e-n-en?^*^ 
£. 7;io*vg, 7S/Stfe{iAny>ii^^ 
U £nfc»l^-T , bgfc5t>©T&oTt>J;K r 5 

fcitfr 6tt. •en^ r nosfc(ii~4©siST$) 
So ] 

(5) WERi ~R< ©55©*J>£<i&ll@©7'j- 
^;patfettnD^-;i,aTJ&5±IH (2) ©W&EL 

(6) TBftl 8T«$n*±t2 (1) . (2) iEfcli 
(5) OftftELftTOftftft. 

[0 0 2 8] 
Hbl 8] 

n — \s ( z 3)s3 

(R 6 )r6 " l > 



Ar 

[0 0 2 9] 1 8 iCfct^T, A r liN©jg-&GtgtC 
#LTA5ft3;£B**&lCiSg£-r57'J-;l<g£S 

t. Zi . zj gjtfzi «. -5-n-en7;p^;us, 7 
7'j-jvs. 7 U 73 y a 

©TSoT^iH. fc£U Zi , Z 2 fcitfZs ©5 50 

tt**ttfc*SfcT*7U Ar, Zi , 
Zi *5«fctfZ 5 atmWCN©l8£tt«K:»l,T/*?ffi* 

1, s 2*ii;s 3 a, -en-en otttti~5©s» 

T&D, si, s 245<fctfs 3 ©ftli 1 ELb©S8a?fc 
*. Ro tt. 7^*^a. 7*3*5/*, 7 'J -JUS, 
7U-;M-*->S. 73yS*fcBAny>S^Sg 

fo rou. en-enosfcte 1-4 ©&&•?£•&. r 
6 fe«kc;R« a. -en^nyjMMm, 7*3*->*, « 

fc£fc*t>0T*oTt>J:K r 5£<fctf r 6tt, -en 
^n0Sfc«l~4©S&T*-5. ] 
(7) TEfcl 9T^$n£±f5 (1) ~ (4) 

n*»©**EL*^fflft^«. 

[0 0 3 0] 
[ftl 93 



50 




(Zi),i 



(R> 3 ), 



(Rl4)r14 



(Rs)i9 



(R 7 )r7 




(Re)* 



(Rn)rt 



{ R 12)r12 

[0 0 3 1] [ft 1 9 Itfc^T, R? , Rs . R 9 *5«fc 

r^Rjott. en**n7***g, 7*3*vS, 7U- 

7 >J 75/**fcttAO$r»>K* 
;:ne>fiE-Tfcgft£fc©T<&-3T i &<fcK, 
r7. r8, r 9 *3J:^ r 1 0 tt. -tn^no £ fctt 1 
~4©g&T&£. Rn, R.i. Ri S :fe«ktfRi4tt. -5- 

nen7;i^s. 7*3*->a. 7U-;«. 7U- 

75/£3;;fcfiADy>lf7££U ^n 
e.ii|S|--e ! bS*-5 ! &©T*oT i fc«t^. rll. rl 

2, r 1 3*j:r/r 1 4e, -t-n-eno t^«l~5© 
R 5 fe«tt;R 6 n. en-en7***s, 
7*3*->g. 7syai*fc»4/\oy>ii?t*u £ 

n£«E-T ! feg£5'b©T&oT ! b<J;K r 5*5<fctf 
r 614. *n£n0iifc«l~4©g&T$>S. ] 
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(8) taaSr 5. r6> r 7, r 8, r 9, r 1 0, r 
11, rl2, r 1 3£<ktfr 1 4tf*n?tl0r$)Z> 
±12 (7) 0fffiEL$fffl^fo 

(9) TEit2 0Tg2ft£±fE (1) - (4) tfHvf* 



* n^o^E Limits®, 

[0 0 3 2] 
[ffc2 0] 



[0 0 3 3] Mfc2 0l;:£^T, Rr , Rs , R 9 

7U-;u^^vS, 7sy»££f4Any>iic^ 

r7, r8, r 9 £<ktf r 1 0 14, -£ft-?tt0 £fct4 1 
-4©iaTfc^c Ru, Ri2> RisfecktfRutt, 

n^ti7;i/*^s, 7;i/n+^s, 7U-;i/a, 7U- 
jw+yi, 7^ys^fcHADy>n^^sb, en 

£l4[^-Tfcg&£t>tf)T$>oTfc<kK rlL rl 
2, r 1 343ctt;r 1 4«^n j enOSfcttl-5<DS 

st&So r 5 ^it/Re t4, *n^n7;p^s, 7* 

( R 13)r13 




(R7),7^ « 



9 , 

6tt, *n-Wl0*&ttl~4©»StT**. ] 
a? (10)WEr5. r6. r 7, r 8. r 9, r 1 0, 
r 1 1, rl2, r 1 Z$>£Vt 1 4 ^n-fnOTffc 
£±!B (9) ©«r«EL**flHb£*. 

(id Tta<b2 i-cg?$ns±E (i) ~ (4) ow 

[0 0 34] 

Nb2 l] 




(R 5 )« (R 6 )re 
I 



[0 0 3 5] [fls2 1 IC&^tT Ri , Re , R« feck 

tfRiote, ^n^nr^*;^ 7;m+vs> 7U- 
)v& 7U-;m-*vS, 75yas&ttADy>is^ 

r7, r8» r 9 43ilXr 1 0J4, -ttl-ftlO Sfctt 1 
-4^ISTW, Rn, R12, Ria*«klXRi4tt, * 

n-enr**^, 7;m*:>s, 7U-jm, 7U- 

;^+y«, 75y*SfcliAny>KTP6»U Jin 
&ttH-Tfcftfc*fc<BT*oTfc£l>. rll, rl 
2, r 1 3*itfr 1 4l4-tn-fno*fctt 1^5©S 
&Tfe£ 0 R 5 feckt/Re 14, *n-€ ? ft7**^*, 7 




4>M 



40 £(4fi?-TfcS&St><DT&oTt><kK r5fecfctfr 
614, *n*no*fcttl^4 08»T**. ] 

(12) fflfE r5, r 6 , r 7 , r 8 , r9> r 10, 
rll, rl2, rl3*cktfrl4mfftOT* 
5±g (11) <D**EL*^JIHfr&tt. 

(1 3) TEA: 2 2Tg£ft£±fE (1) - (4) <ZH> 

[0 0 3 6] 
Mfc2 2] 
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(12) #M¥8-4 8 6 5 6 

21 22 




[0 0 3 7] tfl:2 2KfeHT. R? . Rs , R* fc«fc *^n + ->S. 75 /»*fc»Aoy>Ji^tJ|U Utt 

tfR.ote. -tn-en7;^;PS, 7;Pn*->g, 7'J- £tt|^-T%gfc5t>©T&oTt><kK r5*«fctfr 

7'J-;p^+->», 75/asfc«ADy>is ; f 6«, *ft*no*&tti~4©MtT*s. ] 

^nettl^-TfcS^-SfctDT^oTfcJ:^. (14)tflfEr5, r 6. r 7, r 8. r 9. r 1 0, 

r7, r8, r 9£<}:tf r 1 Oti, -?-n-en03:£tai r 1 1. r 1 2. r 1 3fc<fci;r 1 4 #-?-*ven 0 

~4©S»T*5. Rit, R.2. RufcitfRutt, -t 5-hiE (13) ©£$E L^mVcS®. 

tl?n7)l*)lg,. 7;i^*->g, 7'J-^S, 7U- (l 5) TEfll2 3T«Sn*±B (1) ~ (4) ©H 

e > (SI^-Tt>S^^ ; fe©T*^T ! fe<J:^. rll, rl # [0 0 3 8] 

2, r 1 3j3<fctfr 1 4 fi* 0 SfctJl ~ 5 ©If Mt23] 

r 5 ^i^Re «, ^meny^*^*. 7* 




[0 0 3 9] [fl;2 3IC*V»T, R7 . Rs , R» £<fc i^+'/l. 7 5 fcttAny >IfiP€*U £ft 

7U-Ji/^->S> 75yssfc«ADy>is^ 6«. •?-n-€ r nosfc(ii~4©ssT*-5„ ] 

rne.[i^-T i bS^S ; t)©-C*oT ! b<t^. (16)ffli3r5, r 6, r 7, r 8. r 9. r 1 0, 

r7, r8, r 9 £±1/ r 1 0 li. *tl?tl 0 Sfcti 1 rll, rl2, r 1 3£«ktfr 1 4;&t^tt* r tt0Ti& 

~4©g&Ti&-5>. Rn, R I2 , Rn&itfRntJ, -t S±tB (15) ©#«8E L 

n-?n7^+;i/S. 7;io*->g, 7'J-;vs, 7'J- 40 (17) TEfc2 4T£$n*±B (1) ~ (4) ©^ 

M*->S, 75yatfc(4AD^>JI^=£gU, nn rnj5MD*«EL*?fflft;£*. 
eii|^-Tt)S^Sfc©T*-oTfc«k^. rll, rl [0 04 0] 

2, r 1 3i5.tr/r 1 4{i-?-n-?n0$fcttl~5©E Mt2 4] 

r 6 *3<tr/R 6 h, ^n^n7;i^+^s. 7 
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(13) 



8 6 5 6 
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N X (R 5 )-s (Re)* * 



(R 7 )r7 




[0 0 4 1] Mb2 4lCi5^T. R 7 . R 8 . R 9 Si 

tfRiott. *n-en7;p*;i^, 7ji^*>'». 7U- 

r7. r8. r 9*5J; tfr 1 0«, -W?no$fctil 
~4©&&T&5. Rn. Riz. RufcitfRuli. ■?■ 

ji^nzju-iuka.. 7;k3.+->a, _7jj-jvs, 7_u- 
75yssfctiAny>n ; f^L^ en 

Sttra--C i feSa* , bOT»oT'b±K rll. rl 29 
2, r 1 3*5£tfr 1 4 tt*n-?nO £&ti 1 ~ 5 ©g 

ire&s. r 6 *ii;R6 ti, -tn-?n7;v*;vs. 7 
75yasfcttAny>nTsgu, en 

6ttE--?t>£fc5t>®T*-3Tfc«fcK r5&cktfr 
614. *n?n0£fctil~4©&gScT<&S. ] 

(18)WiSr5, r 6, r 7. r 8, r 9, r 1 0. 
rll, r 1 2, r 1 3&&Zfr 1 4#-€-nenOT$> 
£±§2 (17) ®*«EL*?flHb£«. 

(1 9) TEIb2 5T*Sn^±E (1) , (2), 

(5) (6) ©£«EL*?fflfc£*. » 

[0 0 4 2] 

Hfc2 5] 

(Ri7>ri7>7=\ ^— a^(Ris)iis 

£ } (Rs)b (Re)* f 9 

Ar, Ar 2 ' 
[0 0 4 3] Mb2 5IC*5^T, Ar, iiitfArs 40 

a. *n?n7U-^s&gu ene.tsR-Tfcs^ 
s : fe©T*oTt)«ku. Ri5*.tt;Ri««, -5-n**n7 
7;P3*->a. 7U-;vs. 7U-;i^*-> 
a. 7s-/S£fc«Aciy>]g?£*u en*>tip- 

Tfcg&SfcWT&oTfcJ:^. r 1 Sfcitfr 1 6 

^n^no$fctti~4©s»T^*„ Ri7 45«ty: 
R I8 tt. •?-n^n7JU*;i'S, 7;io*->», 7>j-;v 
7sy**&a/\ny>]R^**u en*, 

«B-Tfcg&5 ! fe©Tfct5Tt><i:K r 1 7*5«fctf r 

i8«. -tn-E-*no^fctti~5©saTfc-5. r 5 * a? 




(Ri4)ri4 



(Re)* 



~(Rl2)rl2 

itfRe «, tn-fn7^*JkS. 7^3*->g. 75 

y**fcttAay>a(^ft«u ene>tt^--ct>gfc 
SfcOTfeotfciH. r 5*5it;r 6tt, -tn-?no 
£fc«l~4©g&Ti&*. ] 
(2 0) WEr5, r6, r 1 5. r 1 6. rl7*i 
Ztr 1 8**. *n-enOT<&SJiE (19) ©#«ELl!l 

. ? 

(2 1) TfBfc2 6T*Sn*±f2 (1) , (2). 
(5) tfctt (6) 0*aEL*7JMb6tt. 
[0 04 4] 
Mb2 6] 

Ar 3 

/ — */(Rl8)rl8 
(Re)is Wre f ? 



M A" A W 



(R«)ri 



(Rl9)f19 



[0 0 4 5] Mb 2 6(Ci5^T, Ari £«kr/Ars 

a. *n-6n7'j-^s^L. ene.ttra-Tt>s* 
stcti^tfein. R^fcitfRzott. -5-n-en7 
jp+^s. 7;V3#->S, 7'J-;p*, 7'J-;m-*-> 
S, 75yS*fcttAny>E^*«U enSBdO- 
-C&JI&SfcCT&oTfc,}:^. r 1 5 fcitf r 2 0 

is. *n-enos&tti~4©B*T**. Ri 6 ti&zf 
Rio », *n-€ t n7;p*^*, 7^3*->g, 7U-;u 
**->g> 75y»sfcttAny>s^^u, ene. 

i9«, ^n-?no*fctti~5©ssT*s. r s * 
&zfR 6 a. *n-fn7^*/ns. 7;i/3+->s, 75 
/S£fc«Aoy>is^£«u ene>«ra-Tt>g& 

5t)OT»otfcil>. r 5i5.tr/ r 6 tt, -€-n-?nO 
£fc«l~4©E&-C<&£. ] 
(2 2) filtHr 5, r6, r 1 5. r 1 8. rl9*3<fc 

zfr 2o#, -en-en ot<&5±b (21) ©^t«el* 
^ffllbS^o 

(2 3) T!Bffc2 7T8$n£±SJ (1) , (2), 
(5) £TM (6) 0>*«EL*?fflfl:£». 



-643- 



(14) 



8-48656 



[0 04 6] 
Mb2 7] 



Ar, 



25 



(Rs)is (Re)* (' *> 



26 




(f 16)r16 



PisJrtS 

Afi Ar 2 ' ^ 

[0 0 4 7] [fl;2 7l£:fcV>T. An , An 

Ar< (4. ^n^nju-^s^gt. ^n?»«^-r 

t>gfc*t>©TfcoTt><l:K R,s, RisfcitfR 
(Rl7/M7\' == ' . 

(Rs)r5 




»15, r 1 6i3«fctf r 2 0(4, -£-tti?n0£&(41~4 
©g&T&S. R I8 (4. 7^*;l/S, 7;lo*->», 7 

•j-;i/^*vs, 7systfett/Nny>is^is ; g-r. 

rl8lt 0*fcttl~5«)B*Tr*-5. R 5 *«fctfR 

r»oTfc«tK r5i3«trjr6«, -e-tl-etlO £;fc(4 
1~4©&&T<&5. ] 

(24)MIBr5. r6, r 1 5. r 1 6, r 1 8*5«k 
rjr 2 0#. ^n-?ttOTi&5±§E (23) ©WISE 

(2 5) rmit2 8T«^n5±ta (d . (2). 

(5) £&(4 (6) ©WfcELJf^fflfcS*. 
[0 04 8] 
Ufc2 8] 



(Rl8)r 



(Rl5/r15 

Ar 4 

[0 0 4 9] Mt2 8IC*^T, Ar < fcitfAn 
ft, *n-Wl7U-;i*S*U ^nett^-TfeS^: 
St>©T&t>Tt>«fc^. Riefeit/Rutt. Zft-?ft7 

7;to*->g, 7'j-;i<s. 7U-***3" 

Tt>gfc£t>©Ta&oT'fe«fc^. r 1 5*5«ki^r 1 6 

(4. ■?-n j pno$^(4i~4©^-c*-5. Ri ? *«fcrj: 
Ruts. **ven7;i^s. 7;n3*->s. 7U-;p 

75 7«t^J4ADy>JI^^t, Jltt*, 
ttH--Ct>SfcSt>©T!»oTfc.kK rl7£,fctfr 

1 8(4. •en-?notfet4i~5©s»T^.5. r 5 * 

irjRe 14. *n*n7**^». TArttPM. 75 

y»*fcr4Any>ji^««u ;in$(4iig-Tt>g& 

*"b©T*oTfeJ:V». r 5 45«trj:r 6(4. ^tlipno 
$fct4l~4©6S£T&£. ] 40 
(2 6) ttfBHr 5, r 6. r 1 5. r 1 6. r 1 7*i 
rjr 1 8*1. Zft?nOT$>Z±m (25) ©WISELY 

(2 7) TGfc2 9TS$nS±l2 (1) , (2). 
(5) £fc(4 (6) ©ffttELJfc^flHfcS*. 
[00 50] 
Mb2 9] 



50 




(Ris)r16 

[0 0 5 1] [ffc2 9IC*HT. A r < fcil/A r 6 

(4. -tn-en7U-^s**u ;m&ttH-*ct>jto: 

5t>©T*t>Tfc.J:H. RisfcitfRjott. -5-tl-?n7 

7;un+->a, 7U-;vs, 7U~^**-> 

8. 75ySifc(4APy>K-T-^*U 'n^iil^- 
Tfcgfc*t>©TfcoT ! &<i:H. rl5*i;rjr2 0 

(4. ^-n-enot^(4i~4©s&T&5. RnUtf 
Rn(4. ^-n-en7^*^s, 7^3 jv-a 
75yasfc(4ADy>n^sr*L. ine. 

HH-Ttaa^tOTft^TfeJ:^. rl8*irjr 
19(4. ^n^n0*fc(41~5©SScTS5. Rs * 

•ttfRe (4. ^n-en7^;«. 7;io*->s, 75 

/£*fcttAO u jm&ttm-Tfeftfc 
*t>©T2&oTt>J:K r 5*3ii;r 6(4, -tn^no 
$&(41~4©S^T$..5. ] 
(28) WI2r5. r6, r 1 5, r 1 8, rl9*,t 
tfr 2 0*<. -WettOT&*_hiE (27) ©*f«EL5il 



-644- 



(15) 
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27 

(2 9) TE{fc3 0Tgt£n5±E (1) . (2) , 
(5) *fttt (6) ©S&EL^fflfcS®). 
[0 0 5 2] 
Ufc3 0] 



28 



{Rs)^ (R«)* 

/=K >=/ 




(Ri 

Ar 4 ' 

[0 0 5 3] ML3 OlCfe^T, An , Ar s fe.tr; 

Ar 6 a, -^n-enTU-^assb, rnsttw-T 
2 o a, tn-CTiTA^ji/S, 7;io*vg. 7U-» 

_S. . 7 JJ _-Jk*$5<S. .73 ./S*Jttt/\ny>KF £ 

15, r 1 6fe<fct/r 2 Ott. ^n^no$fciil~4 
©g&T&S. Ri 8 tt. 7;>*;«, 7;lo*vS. 7 

u 73yasfc[iADy>ig^£s-r. 

rl8«, 0*&ttl~5©SaT»5. Rs S&ZfR 

• h, *n^n7;i^a. 7;pn*->s. 7sya£ 

l~4©gST*'2>. ] 

(3 0) MBr5. r6, r 1 5, r 1 6. r 1 8fe± 

yr2o*!, -en-fnoTfc-siiE (29) ©*»el* 
(3 1) ±E (1) ~ (30) ©^-rn^©w®EL^ 

(3 2) l9E*«EL*Ffflfc£*©il>&<i'biaa 

«±©s£tt£*srra*£*i>&< tt> 1 jwj-*± 

IE (31) ©#«8ELJfrj% 
(3 3) ME«*l*aS«ffiS*-r5flj£1&#, HJ7. 
(8-*/'J/5M 7;l'5=^AT?**±E (32) © 

(3 4) WEa8*«***-rs.)i3&«583t»T*«±E 

(32) (33) ©*«EL**. 

(3 5) ME*«EL#Ffflfl;£ft® / J>&<i , bllltt 
± S^TTS !©'>£< £t> 1 fflCSftttfeffS f-7 
■T?)±E (31) ~ (34) ©Hf*uJ»0*«EL**. 

(3 6) UES3tttft»!i«*^I/>Tft*±E (35) © 

*r«ELj8?. 

(3 7) «rE£8EL*7/IHb2®©'>&<i:'bl«Sl 
±££*TSJl#IEftaAf8jMJlT<&9. £©IE?l&A 
H2Ht58**i**-r*±E (31) ~ (36) ©l>1*n 



*»CD*1IEL*?. 

(3 8) WEE?LftAlftSIJi3Wfia©fta* 2 BifiLhT? 
8?fiE£n*±E (37) ©*i|EL^. 

(39) mlEI?LttA^l©'>^ < t h 1 U 9 
:t7x>££rt£±E (38) <D*«EL**. 

(40) m^aA$&i£Ji ±e (37) ~ 09) © 

(41) i»E^ritEL* : pfflft^*o^a<tfciaa 

«tt*#-rsi!WRtt6nT*0. MEIE?L&A*li£« 
ilS*1-SBtStlE58Jt«IISWrsi*fctt«^ttA 

fc©^*>fctf?->s<'+;i'i p©s 

*t0. 2 5eV«±T!**±B (31) , (35) £&tt (3 
6) ©#«EL»*. 
[0 0 54] 

[f£ffl] *38WO**EL*Tfflft^*T**ftl 6T 

_*$nsT.h.7.7 u -*5?7 s >mmt. m&^My 

39 B. 8WT£i&atT'b£i&Ct7 ; E*7 7*tt»£»J* 

[0 0 5 5] «oT/H >^-«JISfflHS^ta<, 
[0 0 5 6] JlOS4*«. KTOUfcCBHLTW&fc 
[0 0 5 7]® jmitJtbTSBWtfcLfctt. 

© ift»S©**7x:^ai©±3fc/w*-fcHifc 

30 ?<Dm&?wmi*>t\T»zz.t. 

[0 0 5 8] »?+KN-7x=^*«eDiE?Ltt 
Ri ~R4»C7xn;«£«A 

U78»i:%f"Jfcfc0. jE?U£AK2tllct>#liHc»T 

[0 0 5 9] ftot, *5IM©*«EL*^fi» fcl 6 
TlSn^f h 77 0-)bi?7 = >S§*#£*8E LSI 
^JUfcSftfcL-T^WbSfcJifc, L<(i. IE 

40 pJfgTfcth S»**«fiRiaiK*-3T*3gUTff6*l 
£. IfcfilC.fcoT'bgfcStfl 0 0~1 0 0 0 0 Ocd/i 

5. *^BJ©*«8ELSSIT©S57tffiAiSStt, 3 
5 0-7 0 0nmggT&£. 

[0 0 6 0] Hilltt-8&tttfft<. 5ft^*S5« 

[0 0 6 1] SSfctt, *%H®*aEL*?;ifl:£tt 
£ SlftS ft HIT ffl V>S £ t \Z «fc 0 X*;i,*- V«Mfi 

mmizts. o, if ®ir*^T*-v u 7*^jiwic7d 

50 >^$n^>fc*, ^Ufc+-v'J7©SlK-&fe<i:^7t 
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tfigilS. »K**«flO**EL*^fflft^*tiEatt 

fc*B# • S-AiliiSfc^tf. ) . **WiiE?ltt 

T & 5 1 Z \Z Z. ©1 tm 4 AH3M1 1 <ZH * > 

ft#x>>'^jn pojbWMfcShT. nm\zmz> 

*+U77'ny*>ya*iWSS0, ffittWlC*»»-5 

W4*fc«ft** 'J 7©&Afi<fc oer O IC< < &•&© 
+ u 7S8s«**syt««T, *+u7*»fi*©* 

[0 0 6 2] £&, *5SW©*«EL5ttTFffl^«lt« 
?ttAIII2Hiffi*#-r*fl:^«t*JB^U&*«fl:fHb 

IcSASnfcS** U 7tt«tt»l;:.k 
KttlMM-6. TftfeSmattjEJlttAlliatt*** 
£, *fc« : T-l4*^ttAH2ltt**"'t'S»»-r4J:tK 
ttD. 5K0«tt0*+y7aAttiB::Dfc<<fc-5fc» 

[0 0 6 3] *fc, *»W©£1iEL#Fjflft£**£ 

14. *»W©£*EL*7fflfl:£*£iEaftAH2£ll;: 
jav»*£ifcJ:D. .TOIJlttAlliSliSrt-SJBHi 

£^&A*t2!Jl£#tr. ) fc«t>liiE?L&Atft2JI#8 
ftSfcftfcSIE?iaAlftlttfg&rfS»T<&*i#fc 
£ ©H i *-r 4 SAHiiil k <D4 * ><t#x > -> v 
;n p©s*tftafl;anT. Rm\zmz>***)77u 

++U7©aA(igroic< <^s©-c. siw^rsMt 

■fcSBfcflMlT. * 'J 7 t>SS^ O^SaS-f > h £4 1; 

Tfct), *7U>Tfc*+U7ff«£*«8i:*«!>T. * 
tfc. 3 6fc*:/W>#**U7WIS£*^8fc:#e 

[0064] 

\zwm$z. 

[0 0 6 5] *589iO**EL*^fflfl:^« ( r^fgBJ 
©ffc£tlj tfe^P. ) 14. VCl 6-CSSn-5xl-77 
U-*i?75>S§$# ( r-ffcl 6©fc£&J tfclrJ 



(16) JWF8-4 8 6 56 

5. ) T$>5. 

[0 0 6 6] it 1 6fc"3V»TBl?irr4i, ftl 6lCfe^ 

t, Ri ~r< a, -t*n?n7'j-;Mt 7***s. 

7^3 + ->S. 7 'J 75/S£fct4AD 
y>S^§SU Ri ~R4 ©3-£©'>fc<t<bH@l4 
7»J-^ST*5. r l~r 4(4, ^n^noSfcttl 
~5©B8Tfc9, r l~r 4(4m^l'0II^-5itl4 
SV». SEoT. r l + r2 + r3+r4f4m±©lE* 

jo ffitc?&r$>z>. r 5 *<tr/R6 e, ^n-fn7^*^ 

S, 7*3*5"*. 75/a*fct4ADy>®^$* 

L/, £tte>tt^--<?'bgfc.&t>©T&oTt>«kK r5 

33<ktf r 6 {4. Zft^n 0 £fc(4 1 ~ 4 ©g&Tfc*. 
[0 0 6 7] R, ~R< TS$n-57U-*StbT 
14. ¥IIt>lXtt#!l0t>©-e*t>TJ:<, fltellK* 
*ft*fttt6~2 0O>bffl««#*b 
<, ■Jft*ft#l/Tt>T"bJ:^. r©«^©g»StL 
T14, 7***S. 7*3*->g. 7'J-*g. 7U- 

75/S, ^ny>K?««qplf6n«. 
[0 0 6 8] R, ~R, Tg$n-57 , J-;i/S©^^ 
tLTtt, 7iriH, (o-, m-, p-) MJ* 

S, tr^x^a, ^'J 3d*-jh, ±7^ 

7>MJ*«. H7xX'j;PS, 7*-)V7>h 
»J*S. K'J*7>h'J*S^*W6n. #K7in 
l- <. 7U-*», #IC7in;V*©^fi 
gl4 3(S (NOlS^tt«K»bT/^tt) Sfct44fi 

[0 0 6 9] Ri ~R« TS^n-5 7**;^tbT 

5(9 14, a««-e i b»R*«-r*t>o"c*oTt)j:<. 

SC 1 ~ 1 0©t>©flt»SL<, ■*»*#UTV»Tt>J: 
K '©«^©S^StLT(47'J-*St|SI«©t)© 

[0 0 7 0] R, ~R< -ca$n-57***Si:tT 
f4, X?;PS, (n-, i-) ^Dtf*S, 

(n-. s-, t-) ^J«»*J*tf6n*. 

[0 0 7 1] Ri ~R, TS$tl-57;i'3*->StLT 
(4, 7**;l«»0**ftl~6©t>©3Wff*K. * 

40 *ife»n*. 7;io*vSt4$£ice&3tt-o>Tt>«k 

[0 0 7 2] Ri ~R 4 T*$n-57U-*^*vSt 
LT(4. 7x/*vS. 4-^?;V7xy*vS, 4- 

[0 0 7 3] Ri ~R4 -e^Stt^S/Stt-CB, 

«**-r**>o*»»*u<, A*wici4v^5 i *75y 

a, ^X?;P75y«. y7xX*75/H, vh'J* 
75 ^S, vH7x-U*75/a, N-7xx;W-N 
50 - hU*7Sy*. N-7x-;P-N-7-75 1 *75/ 
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(17) 
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S. N-7xnjP-N-tf7xr'J^75y'S. N-7 
xn;l/-N-7>HJ^7$y8, N-7x-Jl/-N- 
hTWr;P75/», ^75^75 v7>MUV 

75 ya, ^1^1,75 /ag#£tf ens. 

[0 0 7 4] Ri ~R< TgStlSAoy^K^ibT 

[0 0 7 5] Ri ~R 4 ©5S©'>^:< tfcl{i«7'J 
-;PST$>2>^ ftKRi ~R< £LTl#Tf £71) 
-;PS^2~4|@#ft-r5^<t^»SL<, rl~r4 

K #fc, 7'J-;USB^^*lCi^H-T2~4{@#a 
U iOffSKSr l~r 4 ©ft#©2~4&$ll T 
£9. SSIttir l~r4#lT&9, ££tl£Ri ~ 
R< ©f^T^7'J-;L-STS-&C:i^}?tLK -Tft 
fc>%, ^^©Ri ~R< #t&LT^Tfc<fc^4(I© 

^ >vym\z 2 ~ a f@©7 u u 
2 ~ 4 ib©7 u -;va©is£T£'0-t?>^« 4 (@©^ 

>¥>M<Dtifr-vm-T t> gft.-5_fc©T& o T *> <k H 

at. ^ic2~4<@©7'j-;PS^n€nM^-5^>-e 

yWzlg'StZZ.ttflift.L^. -tux. $6lC'>ft< 59 

ig^LTl^iltaUOJftU*. ^©(S7'J- 
Jl'St LT«:'>ft< it 1 m&7x.-)lg:-C$>ZZ\ tifi 

if*K, f^t)'67U-;PSt^>-tf>s^-^ic* 

oTNjI7ICttL4-£fcte3-tf7x::ij;Va£®(£ 
TSiltiWffSLK ^lC2~4(i^4-Sittt3-f 
7iZ>J ;pgx*5 Z ti)W£L<<\ 4 - £ Tz\t 3 - k* 
7 x - U ©#T t> pf# fttgfc L T H T t> <fc 

l». 7xx;VStt^©7 , J-;«i:LT« < ftC 

(1-, 2-) 77?;ia> (1-, 2-, 9-) 7> 30 

tWiK. 7xn;uam©7U-;Hfc#icN© 
IgSftfilctt U/i ^ffifc^T -5 c taw 

rne.©7U-;«t)7xr;Hi^fiL/T^ 

[0 0 7 6] fbl 6K*V>T, Rs . Re TS^n^7 

ju+^a, 7;i^*->a. 75 /a, Any>n^tu 

TttR: ~R< OtC15T*tffct)OtH«0'bCD*«* 
[0 0 7 7] r5. r6ll tt>C0T»*it*«ff* 40 

[0 0 7 8] ft*3. rl~i4#2H±©SSffltf > 
&Ri ~R< l^tte^l^-TfcgftSfcroTfcoT'b 
<fcK ££. r5, r 6a<2«±©&&©£:t. R 5 fl 

±, r 6 m±\m-v%mzwz$>oTh&». 

[0 0 7 9] itl 6<DfcG<b<DUfr?b. fcl 7*fc« 

TRwrst, ibi 7ic*^T, Ai ~a< », -t-n^e 
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(3ft) C|*£-4-*7x=JHi**U unsf*^--? 
t>gftSt>©-?&-3Tfc.i:K rne©7xr:;pses 

SlCg&afcWLT^T'fe.iX. d©*^©g^Stb 
TttRi ~R< T^^n^7'J-^»©i:^6T*lffc 
«»*tB«©t)0**»f*Ct«fC#*. Rz~Rio 

\tzti?t\7)i*)im, 7;u3*->s. 7U-;ua> 7 
u-^+^a, 75/'S^fc«ADy>iSi i $sL, 
rnaan--c ! bSJS:s i t)©T*t)T'b<fcK ^ne>© 

IftMtLTHftl 6©Ri ~R< ffitu^TPJtt) 
[0 0 8 0] r 7~r 1 0{i-en^n0Sfctil~4© 

ea-r&o, r 7~r 1 otto-c**z:i:a«»*u». 

[0 0 8 1] -ft 1 7 iCfc^T. R 5 , Rs . r 5 

*5<£tfr 6ttjbl 6©fc©tlW8Tab0« r5 = r6 = 
OT^^rt^JfSLK 

[0 0 8 2] ft*, ffcl 7tC*UT, r7~rl0#& 
* 2 64±©SScT*^t#. #R7~R,o^±(i|^-T 
.t>Sft*t>©T*-3Tt>«t^. 

[0 0 8 3] ^IC. ftl 8fc"3t»TKWf«t, fl;i8 
IC*^T, A r ttN©«l^(t«0/X5tt*fctty ^ttK 

ts^"r*7u-^sta-r. 7U-^s&lt», iti 

6©Ri ~R^ Tg$n-57 l J-Jl'S©a:^5T0iJ^t 
fct>©tRI*©t>0**tfft£i:*«T*. »K7i=* 

awnff*uv». ^©«^. 7u-^atta6ic««an 

THTt>«t<, ^©.fcSftg&giLTtiR. ~R< © 
t^5T0il^Ufct)©^^lf2>ri*t-C#.5. H^S<h 
UT«75/«^»*LU. fcfc't, 75 7»(i. «^ 

wic«R! ~r< T«sn*7s sa«-r 

)^)vm, 7^3+->s. 7'j-^s. 7»j-;p^-> 
a. 75ya££ttApy>ii : ?£gu ^ne«i^- 

Wbl6©R> ~R< ©tC:5T^ffct)©tl^fil©t) 
©**«f*rt*»T*4. fcfc'b. Zi , Z 2 i3.tt;z 
3 ©■5^©'J>ft<i i bHUiN©ie^fi:S©A7fi[Sfc 
tt^^ttfctS^f«7U-;P»ft»rii«. Ar. Zi ~ 
Zs ©-r^T*»l?]«fcN©IS^(t«t:»UT^5tt*fc 
tt^^fi:lC^tS7xr;i,aa:ftSii:«ft<. 4(@ 
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H 


H 




A-2 


H 


Ph 




A-3 


Ph 


H 




A-4 


Ph 


Ph 




A-5 


H 


CHa 




A-6 


H 


t-C« H. 





[0 2 0 0] ^ic, *a^#Bic3v»TRwr*. #a 
*u wttffci 0 8Tjssns>b©T*<s. 

[0 2 0 1] 
[ftl 0 8] 

■^#^ 

[0 2 0 2] fcl 0 3IC-3^Ttta£#A©fc©£H* 
ftoT. ftl 0 8«t»©Rji. R> 2 B;ftl 0 3© 
t>©t^T$-So 

[0 2 0 3] Sfcftl 0 4,CtH>TET«!:. Rasfei^ 

«S*£fc**S£*U C<nS.iH-Tt>*ft*'b©T 

[0 2 0 4] R 33 . R»4"P*an*»SU6Rft*Stf3l. 
JBlflttMft**£©A#0!li. ftl0 3©Rs,. R 32 © 
£;i3T£tf&t>©£E«©t>©£#tf<I>r<t#T# 
5. £fc. Rss. Rs4©$?£ l/^t>©fcRsi . Rs 2 £l^ 

SStbTte, ^>tf>aMS*»*tf5n«5. C©R 3 3, 
R»« fc-P^Ttt. -ft 1 0 8lC*ViTfeH«T*^. 
[0 2 0 5] JB*C*tt5*a#fcB©¥9a£* (ft 



1 0 8lCfctj-^.v+w) »4. a^#Atra«IC, 4~1 
00. ff$L<«5~40. ^?>IC»SL<tt5~2 0 
■P**. ifcfc, ftl 0 3©ilia#(fl:<!:ftl 0 4©8tjg* 
&£©tfcs$5«. ftl 0 3©«jfiJHtt/flSl 0 4©MjBW 

ffcfl*, ^;vitT io/i~i/i ogfi-cab^. 

[0 2 0 6] ^<t>IC*tt5«a^B©fi*¥^»TS 
143 0 0~1 O0O0gST$>4. 

[0207] sfc. #a£«*B©*ss (fti 0 sic* 

*a^#B©^*©B©ai»awtt^L*©it 

[0208] ts.a, a*£«*Bii, a^#AtnMiic. 
ft 1 0 3 ©*iimfi<hft 1 0 4 ©*ia*fitT«^<*n 

5>^A*a^i*, ss*a^#. ^Pi/^^a^*^ 

©^1*n-r*-3T i b«t<. ftl 0 8©SSi§5£tt;i©J;3 

ft«ijBftfld-r**©T**. <*e.ic. fti 03, fti 

0 4 ©*jfi*ttn±ii. •en^ni^-TioTfeSfts 

^©•CS^TfccfcK 

[0 2 0 9] £aS#B©m#0!l£ftl 0 9IC*-T. ft 

1 0 9IC(4ftl 0 3©Rji. R S2 ©&£■&. ftl 0 4© 
Rss. Rs4©ffl£-g\ -fftti^ft 1 0 8©Rsi, Rs2. 
Rss. R34©ffi^#T^LTV^. 

[0210] 
[ftl 0 9] 
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153 



154 



R»i R„ R„ R.4 



B-l 


H 


H 


H 


H 


B-2 


H 


CH, 


H 


H 


B-3 


H 


Ph 


H 


H 


B-4 


H 


Ph 


Ph 


Ph 



[0 2 11] fcl 0 5©«£#CC"3V»TKW 

fcl 0 BCSfrvrBtt:. RssfcitfRsWiflll JO 
0 4©t>©iH*T*D. ff*l/t»"bO>bH«"r**. 
[0 2 12] X: *><fctfX 2 «, ^ftiPttE-Tfcgfc 

[0 2 13] n»¥iS«£«S*U IfTtia^ft: 
A. ^a^Btl^«C4~l 0 0. ff£t<«5~4 

o, se.icif*b<(i5~2 r 33 

Tfc, R33 tR3 < ©ffl-&ii-^SJ42.^a^#: (3#'JV 
-) TfcoTfciK &a£#£UTtt. 

£5#a&#, ^By^asfMfo^-ftn?* 

dTfeiK [0 2 18] 

[0214] t&. nmz&vzms&ciDmmw-m Wki 1 1] 
^1143 0 o~i 0 0 0 omstv&z. * 



* [0 2 15]ftt. a^#Cttftl 0 5lC^fJ;^^« 

1 o*;i.%&TT;&tttfte©t/v-f£#£^£ 
[0216] m&frc<Dmm*fc\ 1 0. 41:1 1 ic 

-fb 1 1 OfcMfci 0 5 traUT*D. -fb 1 1 1 ictt 

{tl 1 0©R 33 . R34©l&£-trr^l,T^£< > 
[0 2 17] 

Mbi 1 o] 




C-l 


H 


H 




C-2 


K 


Ph 




C-3 


Ph 


Ph 




C-4 


H 






C-5 


CH, 


CH, 




C-6 


H 


CH, 





[0 2 19] *38!HTtt, *U?*:7x>iLT. ±12 

[0 2 2 0] #U9 : *7x>ttia©*.&ffl^T ! b2a 

[0 2 2 1] *5893lCfflV>*#'jy*7x>©Kjj[tt3 
0 01C^±. *&tt«MS*»fcZt^t>OT*D, X3S 

[0 2 2 2] ±fB©«t5IC, *«9J0fc£tt*iE?LttX 

Ttt. ^MBB6 3-2 64 6 9 2^4iSICHS 

>. x?y;i^fe^©te£$w^ijR£tt5'>ft< t 



*^X>. 7>p7"fe>, ^'JU>. 3D*>, 12- 
[0 2 2 3] tt^aAfSlllCte, h»J* (8-*y»J 

50 fct>©r*oTt)i<. ;:©<k5ft«£tiHJx (8- 
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[0224] m^aAttini^m^aAStm^ii 

[0 2 2 5] *&. aaMfc£*lCtt, -Min 
[0 2 2 6] Il©J:3&irx>?*-£l,Ttt. )VfU 

K ^©.k^fc^x:^*-©^*^ 

-m.i«l.U>.. 

[0 2 2 7] *S6«TI4. *!/l/>**Wb**»CF 

[0 2 2 8] H-^tt*«ft^ilS^«lCfft>T«k<, 

*+'J 7 563t«**J:i;*©)fi«. «A« 

©, cnfc»t*563t* («^aA$fiitg^*^-5«^ 

fc^tr. ) . t>t<tt« : fttAH2ll (IE?LaA*ft3il 

a», a*«iE?LttAiftsiJH^*t-r«. a^tct 

otlt £?LaAII»l±**fcttiE?iaA*3S*©. 
EWciWfcSBWb L < fill? ttA*atJHM©¥#© 
»Xa<bt<««7&XIISJlC!)jE?LttXtlS 

[0 2 2 9] ;u^L->©K-fcf>^iSSli- 

<, F-7S£mzttL0. 1~5 OwtX t-fsri:*! 
ffSK. SSICttO. 1-3 OwtX . #lC(iO. 1- 

2 0t« tr*^t«qf*u». 

[0 2 3 0] SBWTNi. *^U>©S*> % ffiCDSJttt 
[0 2 3 1] *58WC«. *58MOft-&**** 

SfcaiC. *©B£*lc5^«IB«*ri-<MbS* (SBt 
[0 2 3 2] ftlC. *56B©fc£**tIE?lttA*3S«ft 



i55 



4#f *fl:^*T**tt3i>6. «?&AII3UMB** 
f*fl:£ft («3e««6»*'b"3ft^«t>$tr. ) t© 

V». Z©«afctt*«*?ftAHai«tt***«fc£ft 

[0 2 3 3] SSfc. S^Hlc*HT. IE?U3.klWi* 

2lffl©fl:-&t)*^SKbTffl^SCt^T#.5. 
[0 2 3 4] &*»Tt>. ttC. #'Jf*7i>*«t>& 

i£E&»!U -©IE?LaA^2ll<hm?aA*aiil<!: 
[ 0_2_3_5] J^QMdCDBdJfcit.-^ U 7fMMEK J: 



«#. #»W©fl:£«IW*HGfl±*K:»l,3 0-7 Oft 
it? X . mz\t4 0-6 OwtX . ftfc«5 OwtX US (ft 

fls£&©MJt)&t, 3 0/7 0-7 0/3 0, $5>lCl4 
4 0/6 0-6 0/4 0, WCI45 0/5 08*) £* 

[0 2 3 6] *fc. £&je®jP3tt, tf^S-JflCfflS 

SSlCtt5~6 Oniu #IC«5~5 OiaffSHi^jif 
50 [0 2 3 7] ifc. fi^JiO»J«3S»tttLTIi. JSfc* 

U»#. flteltioTtt. fc£ttj&*attfc#ft-r*t>© 
[0 2 3 8] ft*, fISJItt. 5S#Hafl-©%t?{{bS#i 

[0 2 3 9] *36WOft'&«tt«P*KttE?LttAI*a 
JUcffll^ttsa*. £©IE?lttA*3l!E»LTtttt& 

n^-^Tts («^aA«jii^&**a5«^t>^tj. ) t 

©-f*>^^x>->t;H P©S^0. 2 5eV£J[±Tfe 
*Ct#lfSI/<, #(C0. 2 5-0. 4 0eVT*^r 

[0 2 4 0] ±E©-f:t>fc#f >->*JH p©g(4, 

50 Tftot. ^ORJtlil/Tfefttt-TftJiTfcSt*. 
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£©ifc»i-*itti*ttAi»iT*«©T, z.<db 

[0 2 4 1] ft*. *»930ft^*0-f*>ft#f->-> 
WH p©lfi*Jfitt5. 0~5. 4eV;ggT<&-2>. 
[0 2 4 2] JtBC'f*>ft#T>i'tAI Ptt. 6 

is. m i?tm. 123 d 9 8 5) ©is® 

K« 5 |X*A*f -I^Hfcll TM o d e 1 A C - 
U GlWffrSI) SfflK 1 0~2 0 OnmJP©*!© 

ins 1 Toaw****-r4as^x5-f f#5* 
■5. 

[0 2 4 3] ±|©|X*/WM|«HHi|«. 02 

[0 2 4 4] 0 2IC^-T±'5IC. #;>fcggl0«, 
$7>:7°1 1, fcffigll 3, <£x 

***-iwiaii4. umrnmi 5. sia^i 

gl 6*il)tX-YXT-i ?i 7fc«fc9«J$Sft. x- 
YXf- J^/US £ftgUT«!l$g£fT'5 t>©T 

[0 2 4 5] 

K H©7>7 p ^^tBfc5t$: ; Ey^n^-^ 1 2lCi?3 

2 0O~3.6 0ni©tt«©«ftfc4WfcU -!J->:7MWS« 
ffifclttT*. 2 0 0~3 6 0nm©ft«. E = hv=h 

(c/A) (E:X*;^-, h:75>*56&, v: 
III, A :&£) ©SCSfflHTX^I^-fcUW* 
<!:, 6*6. 2~3. 4eV<h&£. l©#£g|gX*» 

*. rox*^*-*»-|K3tlWtt*Mltt»*)n* 

3 *±tfttX*JMS-|Tfrftll 1 4 SfflV»T«-| 
U /ts^^HliE*?*? K^-fAfOfcAlfcL© 
HE&£©«**l/&l, H3fcw-r±5ftl8x*^ 

• &fflSx»#t4 (S*®tt) &iSJJIS*gg 1 6 

[0 2 4 6] at*«ttC*1-J:5K, £©3Wf*ffll 
(Count Per Second : CPS)tE&iEX^;U^-(eV)©M^ 
tt, «l*3t«T»ffl*©n« (CPS) ■ fcU |M 

*aex*^-t-r«t. iiinr»-r::fc*»-e* 

*. ~£T. n©|tta*l/2£»8UTV»*. 
[0 2 4 7] fcfcttipgg 1 5tt. t/j>n^l 2 

©Mill. X-Y7f- s?i 7iti-5-y->^;H4fi© 
«»*J:tfttx*Jl*-|?*|8ll 4 ©»|«|« 

[0 2 4 8] |oT. *5gHJ-e«. H3*»6»6n*3t 
«Wtt*HI*'f*>fl:#r>->ir;H pff*. 
[0 2 4 9] fcfc. *36«©fc£tt6StlHK, SSIC 

(aft 5 OwtX a±©^«|) £TS££ 



(80) 1#&ii¥8-48 65 6 

J5S 

>>"WH p©fiS:C©S©'f*>fl;#7 1 >->Y;H P 

tt«snaifc2iH±©fl:^*30«^irsn«t*t», 

(a*5 0wlS£H±©^*«) ifcifcSI©* 
®«*>S*§Sn&1'*>to]*x>5'*JH p©fit£;i© 

i©'f*><b#r>->*;n pi*a-rt>©frs. 

[0 2 5 0] i'^>ft#x>->^JH p©l#ltt. * 
58l©fc£tt©¥ll©3Sr*«. ifct»*IS*l<&fl:£*© 

jo [0251] ^, «^i«^«a*fc«*rtt, £© 

<k 5 &-f * >fl:#x > v ViV©l*ttlffl U&V><b©£ 

[0 2 5 2] IICO. ttlHI©/hSV»»|. I*. 
tt\ Li. Na, Mg, Al, Ag. I n&SMUtt 
6©lia±*^tt^AtfflH*Ct*tff*LV». * 
fc. llttlie««l*V^t*«»*l/<. *fc, 7* 
^7r^ttlT*5^iWSlt>. Eiffi©J?3«10 
-1 0 0 0n^Bltf*Ci!Wff*l/V». 

[0 2 5 3] #|EL«^4H3ttS**fc»fctt. '> 
» &< &fe-$©*li^lttfr>L¥9l?*«jM#* 

0. ±EtfcJ:3tll©«»icttiM|R3j!*s©-e. 

*u< tt«3t*©aiW8 0 x«±fc&*J:5icii 
©tt»*±t;i*s»3tr*ti39«ff*u^. mmz 

«. fJAti, I TO. SnOj . Ni. Au. Pt. P 
d, H-/t> r-SF-:/bfc#U If D-JUkgeilC 
ffl^ftCitfffSU*. *&, RIffi©/S$«l 0~5 0 
0nrti«t1-*£t*«ff*UV>. *fc. 3&x©mgH4£ 

Hd±s*4&©iciii£Ejj»ttv^t*»j8ai-e*«iJ«. 

#*U»t>©fcbTl 0~3 0O/D©ITOjflS*tfS 

[0254] &mmm\zmmtuw, ivi-m 

IIIA»&XXX«l0iB-rfcip. #5X^8!flgl?©a 
lftV»L*aitt»t|V»*. *fc, l«l:fi7^M 
-l*S3tett*»££trfia:il. fciWillfrEI 

[0255] a*. *«c^awa«»*ffl^*«^fc 

tt. HlK*Sft*«IJBUf*a»t:l/T l b±H. 
[0 2 5 6] *369fi©WlEL* : f©ia*jSfet 
-BITS. 

40 [0 2 5 7] ||«J:^||», IH^XyXy^H 
[0 2 5 8] ETLSAiai, JBtl^Jjtfl^ttAI 

8IStfflus:t#ff*I/H. XfflK*tt«lv»&| 
^. 7 J E*7r^ttl*fcttiattl«»0. liinftT 

(as, T^ffitto. ooui gs-ea&s. ) ©^« 

ft«l«t|6n«. ll&SAtO. lai *«ATU* 

1. W-ai*tJS:0. ?HT©liBI!imffiSii5< L*tt 

n«ft6a<fto. «5©flExs»* , b*KffiTrs. 

50 [0 2 5 9] XlllOlffBIICllSniitVidl. 1 
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0- 3 Pa£TFcDJl£g<!:U S*3*AI20. 1 ~ 1 nm/se 

»fttt#1l&tt«. ^©ElSmflEft^t 
[0 2 6 0] !in&&l®fl;j£lcX£iK*&&fflfr>£* 

8K&f|i& Utr>n-K x-ry7, * 

tXhf) 7^5a7-^nyi7h (LB) 
ftfflU* Jit **ft#ttTI4, #'j7-*0 

[0 2 6 1] *»WO**EL*m a*. SfiSSBil 
XHfijfS^tfcTt*. 9JD*E«. a*. 2-2 0 

v ggtans. 

[0 2 6 2] *5EW©<fc£ttli. K^-ttt«t 
[02 6 3] 

[0 2 6 4] <&)Ml> 

N, N, N* , N' -fh7 (3-tf7xX>JJlO ^> 
vv ? > Wk^Wo. I - 1 ) ©£fi£ 
2 0 0 0ml©^JEE*^gglCm- - hDt'7x-;P2 5 
Og CD (1. 26mol), 5%Pd-C12. 5g . X 
2 5 0ml ^fiKTSi&a©*^ 

4bT. 2 1 2g CDm-7S;f7i^Mifc OK* 
9 9. 9%). aeit. m-ZhDk - 7iZM2 5 4 
g (1. 2 8mol ) tLfr&ftimzir-MZXbo 1 
/fy^-fifcattT. 2 1 5g ©m-7S/ t!7x=M 
'fife (42*9 9. 7%) . 

[0 2 6 5] 1 0 0 0 0ml ©fijfcgggl::, igffi&7 7 5 
ml, *7 7 5ml, *7 7 5g ftttj**, m-73/tf7 
xXJH25g (0. 7 4 Omol ) SrSDAT!K«3$1i- 
fc. iniC0 < CaTt?ffi^S^hU^A5 6. 3g 

(0. 8 1 6mol ) ©7 5 0ml*}g»&3 OftKiSTF 

-9A«*igffitr. 0"CKTt?39ft*'J9Al 8 5g 
(1. 1 2mol ) ©1 2 5 0 lWfWiBTt 

t. »rF»ii*raiwett#u mzRbT2nns 

[0 2 6 6] f&ffl**lttX?JHiMI]U 



(81) 8BW8-4 86 5 6 

ft. (ssBrr^x^A) , &«®su a^ss 
#fc. Hxfr-McTasKi/ts^fijfcatf. #e.n 

NHU 2 9 7g Cm-3-Ht7iXMSt (2 A 
y?^MTCW7 1. 7%) . 
[0 2 6 7] 20 00ml©S^SlCm-75yt7x 
-)H4 0g (0. 8 2 8mol ) . m-3-Fhf7xX 
;P2 3 2g (0. 8 2 9mol ) . #K*'J7A6 3. 1 
g (0.4 5 7mol ) , fmi 3. 9g . xhD^>tf 

io y 8 o o mi £ttii#s a r »dTft 3 2 PSisinifsas&if a 

/lKT->U*y**9A«»U 44. 5g ©SM3 
-E7xx;W 75> (AttftA) («*16. 
7%) „ 

[0 2 6 8] 5 0 OilOSMIK? (3-tf7xX 
;W 75>4 4. 5g (0.. 1 3 9mol ) . 4, 4' - 
v3-Fk*7xx;i>2 7. 6g (0. 0 6 8 0mol), 
^K*'J7A34. 3g (0. 2 4 9mol ) , JB©2. 
a? 3g , xho^>tf>l 8 0ml£tt&», ArMSST? 

2 4«rlBHnj»ja»a*fc. Efc*7«. «1L-T*8fc 
ft**, «&£8$®£U&. »Sfl&a«*n-<\* 

*>/ h;px>=3/i icT->u*yjv*7A«at, 

3 0g ©-&flSJN, N, N' , N' -rh7 (3-E 

7xxu;p) ^yyyy^ntz. (w 5 5 . 7%) „ ~ 

ntMUVKTBttMIBU $£S9 9. 58%A 
6. Og tMS9 9. 2 3XA5. Og («I2 
0. 4%) . S6K. JF*M8£ffV>. ««9 9. 9 9 
%A8. OgSifc. 
50 [0 2 6 9] KftfrBT : m/e 7 9 2 (M* ) 
m®W7>^>7 hfr ( I R) : 04 
NMRX^i? MP: 0 5 

3£3£s£2*««fc (DSC) :MA 2 0 7. 4 C, * 
9 5. 8*C 

[0270] <%mm2> 

N, N, N' , N' -rh5 (4-lf7i-U)W O 

yyy (fts»>. n-n ©£$ 

4-7SyE7i_;W2. 5g © (0. 4 2 9mol 
) , 4 -3-Hf7xX;H 2 Og (0. 4 2 9mol 
40 ).^K*'J7A32. 6g (0. 2 3 6mol ) , m 
6. 8g (0. 1 0 7mol ) . xhD^>-tf>4 3 0ml 
ftttii*. 2 1 01CT-*fi*S-ttfc. EJfi«iM&U 

&©i§&£MJEES*L£. SglC;* 5 0 0ml 
»*.»3IU fttHISil&WKl/fc. ^n7ciiSA4 9g 
ftS^^MsjUATS H (DMF) 2 5 0ml CftliRKft 
L, *»-T5tMftJ«*Oh , Jtr7xX*7S>]8««fliJ 
LT<S7c*. JtWUT**. fflS$ft*l 0 0 OmllC^ 
ALT«rfflt7c«SAftfflH. *i!t. **/-;i'iSfc#L 
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[0 2 7 1] HStlfc*#*£A,]»ISfi3 5g £h;H 
>7 5 OmlTHifefttT, J»»fiU>fr«ft©5? (4- 
k7xX;K> 75>£»£. *«tt»«tT^*fi*« 
®L&. JRftfJl 9g T&ofc (JR$1 3. 8%) . 

[0 2 7 2] v(4-k'7xx;W 75>1 5g (0. 
0 4 6 7molK 4, 4' -va-Fk7xx;i/9. 5 
g (0. 0 2 3 4mol ) , ^8*U^A9. 7g (0. 

0 7 0 2mol ) , fflO. 7 4g (0. Oil 7mol ) . 
-hD^>tf>7 6ml£tti£#, 2 2 CC^g&Kffc 

£Jfc&DMF£7 5 OmliDA, ^ffliSLT^ 70 

ft&*S£Ay«|8fl2 5g £1 0 0{g»©Mkn>T3 

N. N' , N' -f h5 (4-f7x-U;W *>5>J> 
0KS9g . IR$4 8. 6 #S 
ttSSfrK »G&9 9. 9 9 

[0 2 7 3] Rfi^«t:m/e 7 9 2 (M + ) 
*ftft«U*9 KJW ( I R) : 06 
NMRX^h^: 07 

(DSC) :MUl 2 6 7. 7*C, # it? 
77JmU& 13 1. 8r 
[0 2 7 4] <*i60J3> 

N, N' -/7i-*-N, N' -v (3-k*7xX'J 

;W ^>vv> (ffi£«Ao. vii -l) ©•&$ 

1 0 0 0 Oml©JxJfc$8gl::, ig^&l 5 5ml, #15 5 
g . 2K1 5 5g £tt&3., m-75 7 h'7x";l/2 5g 

(0. 14 8nol ) £MAT!!$£-ltfc. HfttCO'CK 
TTEJBlS^h'J^Al 1. 3g (0. 16 4mol)© 
1 5 Oml#}§&£3 OflPflflSTU *©&5 OftMRffi 

icTtifcbfc. fl^tt&$>7»/=9/>.«***fc. or 50 

WTT37<fc*'J7A3 7g (0. 2 2 3mol)©2 5 

omi*»**i«fWjrFUfc. «Tai«fWM»Tra* 

[0 2 7 5] Ett*n-^*1*>fc:T5''J;&$';l'#5A 
SSL, 2 8g Om-a-HH7xrjP*1»fc. 

[0 2 7 6] 3 0 0mlOKJfi*»CN, N' -$?7xX 
;U^>^>?>10g (0. 0 2 9 8mol ) , m-3-H 
k*7xX;U2 5g (0. 0 8 9 3mol ) . kS^'J^A 40 
1 2. 3g (0. 0 8 9 Imol ) . ffl®2. 6g , Xh 
n^>tf>l 5 OmlSrttii*-. A r SitSTT 2 4 B$ ffifio 

i?;p=5/iicT5/'j*y;^5AS«u 1 5g © 

-*««N, N' -v?7x^-N, N" -v? (3-k 
7i='JJW ^>yi?>£$fc 0BW7 8. 8%) . Z. 
n*h;H>ICTHfeS«»U 10. 6g ©»fiS9 

9. 9 (jr*5 5. 6%) . zt>\z%mmm 
zm\ m&9 9. 9 9 50 



#PB¥8-4 86 5 6 

252 

[0 2 7 7] «I»«r:m/e 640 (MM 
ft*UMK"<9 hJl' (I R) : 08 
NMRX^7 h)V: 09 

7g££!l*lffl£ (DSC) :MA 189. 8*0, # 
^XE^fifi 8 3. 6"C 
[0 2 7 8] <%m®4> 
N, N' -y7i^-N, N' -b'X [-4' - (N 
-7i^-N-3-^?Jl'7i^7$;) t7i- 
)V-4-^M 1>VV> (itGMo. X-10) ©£ 
file 

5 0 OnlCEJ&gSgfcN, N* -77i-M>^> 
3 3. 6g (0. 1 Omol ) . m-3-KMH>2 

5. Og (0. 1 lmol ) . &k&t>i}V&2 7. 6g 
(0. 2mol ) . H$2. 6g , xhD^>t?>2 0 0 

■istt&*, Ar««rf"C2 4«fnwiiiiifta«a*fc. s 

fc. #?.nfcSa[*n-A+D->/h;i,x>=l/2lc 
T->U*y^*5A«»*2|§ffK 2 8. 1 Og © 
N, N ' - v7xXJl/-N [-4- (N-7xx;P-N 
-3-/?\H,7xx;i/rS/) t*7xx;p-4— f;Kl 

[0 2 7 9] 5 0 0ml©SJt^fglC4 > 4' -v3-K 
k*7xXJU8. lg (0. 0 2mol). N, N* -77 
i-ihN [-4- (N-7xX;i/-N- 3-^3^7 
i-f757) k7xX;P-4 — f)W ^7yy>2 
8. 1 g (0. 0 2mol ) . ^K^'J^Al 1. 0 4g 

(0. 0 8mol ) , Og . - hns<>V>l 0 

OmlSrttii*. Ar««TT2 4«BUD»aStaF*&. 

T->U*y^*7A««ft2iafTK 11. 6 2g©iS 
«36S©N, N' -77i^-N, N' -k'X [-4* 
- (N-7xX;W-N-3-*5MP7xx;P7S.7) k* 
7xX*-4--OU (iR$5 8 

gSSU 7. 3g©i&Ea9 9. 9%©^Hfi©^BJ© 
7^7 7 XiKSg©S*i£^fc. 
[0 2 8 0] MSi)*f:m/e 1 0 0 2 (M* ) 
*^©iI2X^7h^ (I R) :01 0 
NMRX^7h^:01 1 

*m%%®Mmfe (dsc) : Hjac«fittdnft»o& 

(«0»5©«^^7 : £;i'7 7XT*ofc) . 
1Jy7,mU& 13 2"C 
[0 2 8 1] <*JI^5> 

N, N* --^7xXJW-N, N ' -kX [-4' - 
(N, N-v-3-k7xX'j;U75y) k7xX^- 
4-<fM 1>VV> UtSmo. X-3) <D£& 
3 0 Oml©Rj£WSICv (3-k7xX'j;i/) 73>1 

6. lg (0. 0 5 Omol ) , 4, 4' -v3-Fk*7 
xXJl/2 0. 3g (0. 0 5 Omol ) . ^K*>J-7A1 
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3. 8g (0. 1 Omol ) , ffiffll. Og , XhD^> 
if> 1 0 0 ml A r ^iTFr 2 4IBf PflJnSftjfiffi 

5/lKT*>U*yA-*5A««U 12. Og©4' 
- [N, N' -v (3-t7x-'J;P75y) ] -4- 
3-H-l, 1' -t!7i^£it ((1*4 OX) . 
[0 2 8 2] 3 0 Qm\<DS.^m\ZA' - [N, N* - 

(3-fc'7xX<j;W 75/] -4-3-H-l. 
1 ' -lf7xXJU 2. Og (0. 0 2 Omol ) . N, 
N' -/7iZM>^>3. 03g (0. 0 0 9mo 
1 ) . wS*'J7A5. 5 2g (0. 0 4mol ) . MS 
0. 5g . xhn^>-t?>l 0 OmlStta*, Ar5v85 
TT2 4«IBJPS»H«S*&. E«H7*. 

X>/n -/\*U->= 2 / UCT->'J *y;^ 7 Afflfi 
£2@fTK 6. 9 0g©N, N' -77i^-N, 
N' -tfX [-4* - (N, N-5?-3-tf7x-'J;U 

*60X). rn*h;H>CTHISfl««U. 5. 2 
g©*e&9 9'. 9%<Dmn&0&ty<D7 : E)ly7 7.VtW t 

[0 2 8 3] &*3. ft 3 lMbl 0 2ic^$ns<tfi©'ft; 
£ftt>±E©#j*fclpDTfc*U «S#*r, I R, N 
MRICtoT^bfc. 

[0 2 8 4] <Hi60i|6>JP£2 0 0nm©I TOmm 

m mm) s*-r*»7x»st. 7-th 

Lfc&, «»8«©Sfi*A-^-KHJ6UT. 1X10 

[0 2 8 5] 5fcl^T, &&S0!|l©ftS4&£j!fcSjI«O. 
2nm/secT5 5nm©iP$lcSs*b> SWfc^t^r* 

3 0"C- 1 0 0%RH*3±tf6 0*0- 9 0%RH©tIi! 

mzi ozfifsiski.ftmbThte&mt&z.Z'f, 
■kMts^e^iLL nan: tT^Mtfc^ 

5. 3 5eVT*ofc. 

[0 2 8 6] <HSW7>*««2*J:tf£!fi013©fl: 

« 6 t IPItt. 1 0*^Ma±ft«l/Tt>«flfl:ttSJ:6 
**ofe. Sfca&tKCI ptt, ^-n-?n5. 3 6eV45 
£#5. 3 8eVT*-3fe. 

[0 2 8 7] <MM 8 >MM 4 « J:^ftM 5 Oft 
tmm* l 0*Jim«JdMl/rfcttftfcttiBc&&* 



(83) ftM¥8-48 6 5 6 

i« 

•afc. $fcl*BS©I ptt, ^-n-en5. 32eV*3j: 
1X5. 2 8eVr£o/t. 
[0 2 8 8] <Jttfc0J 1 >*iieg 1 ©fc£t)©ttfc9 
K, fcSKKDN. N' -77i^-N, N' -v (3 
->fJl/7ir;W -4, 4' -v75/ - 1, 1' - 
k'7irjl/ (MA : 1 7 1. 21C. #7Xl£&fi& : 6 
1. 3V , fe-5^(i. {fc£»2>l, 1' -k'X (4- 
-7-p- MUP75 7 7xrjW ->:?da*U-> (M 
A : 1 8 7. 8*0. XyZfc&Um : 7 9. 9*C) Sffl 

3 or- 1 o o%RH©ffiiaititssufc. mmme- 

[0 2 8 9] ife, ^SECT6 iH«Ktefctt<Dfcfl;a« 
5. 4 0eVr&ofc. 

. [ o .2 9_oi_<^iiS0i9 >jp.a 2 o o Dm© i Tommm 
& mm) srrstf^xsis*, «t»tttt». 7-th 

l/fcft. *«8«©*fi*;^-fcH«UT, 1X10 
-<PaOT£ri*BSL£. 
[0 2 9 1] SI*. Xam©fc£4fe&S*iiK0. 2 
M/secr7 5ni©JP3K:«*U lEft&AIS&JI t U 
fc. 

[0 2 9 2] £Hr, MEtt»i$:£ofcxx. HJ3. 
(8-fyj/7H 7*5:P7A«**S*0. 2nm 
/seer 5 OmiOJfaicJWtT. tt7ftAI&i£ • 563tH 

[0 2 9 3] MgAg 
(Mfltfcl 0 : 1) &m%mm0. 2nm/secr2 0 0Din 

(omzizmLTmrntu %«EL#f<£#fc. 

[0 2 9 4] COEL^CltaWEESBlllPU 
ffl^Tl 0mA/cm 2 ©-!£mSii^Sra^ii)$-&fc. «0 
6. 5V. 4 0 0cd/m 2 ©JtiUfe (^ffi7C« 
fiAmax =5 0 0m) ffl3E3t!W«Banfc. Jfffi©¥& 
«fMtt6 0 0«fWT, J E"©Pfl©K»l«E©±#tt4. 0 
V r&ofc. Sfc. 553tlitL&hUX 
40 y V) 7^5X«7A©&*|&© I pB5. 6 4eVr& 

0. 2 9eVr*tjfc. 

[0 2 9 5] <*iS«3J10. 1 l>mtM9iC4Slf»T. 
**m©fc£*©ftto9C*«m©fc£**&tt* 

[0 2 9 6] <lt«0!l2. 3>**«9C*^T. 

« l ©{b£fe©ttfr 0 icJtttM l ©<b^«W)*fctt®* 
50 [0 2 9 7] HJg0!|9~l 1. J±eW2~3lCt3VJTl$ 
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166 



[0 2 9 8] 



* Ml] 



* 

8 1 







aj as 




(eV) 


8 S 

(cd/V) 


a e 

(V) 


mm 

Or) 


(V) 


mm 9 


mm 


400 


6.5 


600 


4.0 


0.29 






420 


6.5 


620 


4.1 


0.28 


mmi 


mm 


380 


6.6 


500 


3.8 


0.26 


mm 


CD 


300 


5.2 


120 


7.6 


0.24 




® 


360 


8.5 


<19* 


mm 


0.24 



* 3 BfflfttCttBimEP 1 1 . 5 ¥ IC±H U 



to 2 9 9] <$«m 2, is>*itM9ic*»T, 

£ffiffl 1 <DitG®)<Dftt> K> icfltetfH S&aHJSfJ 5 © 

fete 3, V»miC*^T l b**«»9t|ai*a±©Aff 
Ze*S**«l/&. &*. HJx (8-*/>jy7h) 7 a? 

fS-'JAtClpCflt #li£#J4©'ffc;-&ftT0. 3 
2eV. ■$mms<r)Vc£®l-ZO. 3 6eVT*t)&. 
CO 3 0 0] <#USm 4>W$2 0 Onm©I TOSM 

«s (ma) £*-r*#7x*«&. 7-th 
>, x*y-**jfl&»Til»*ft#l/&. 

»X^y-Ar>f]B»6SI«±(fTttill/TUV/Oi ft» 
Ufcft. Is*iSfi©*«*;l^-tc@£LT, 1X10 

[0 3 0 1] tf. #'J (W7i>-2, 
)W £sS#jiS0. lnm/secT2 Onin©S$lCl^L, 30 

[0 3 0 2] JfcUT. MBEttffiSrffiofctt. gttfll 
©ft£fe£s«j§& 0 . 2 nm/secT 5 5 nm©JP$ IC&* 
U »riE?U£A&3il2:U&. 
[0 3 0 3] MEtflifc&ofcSS;, HJ2 

(8-*/>J/7h) 7;US^9A£SijSi§&0. 2nm 
/secT5 0nm©Jf Sic^»LT. «?aA$&£ • ?S#» 

[0 3 0 4] 3 SIC, MJBDKSgfc&ofcSS. MgAg 
(SSifclO: 1) fc&fcjtgO. 2 Dm/sect? 2 0 Odid*40 

a 2 



[0 3 0 5] C©EL*^fcB««EE*B«PU KttS 
ffl^Tl 0mA/cm 2 ©-««^«Ta^ffitt$-B-fc. ffl 
SB ICS, 6. 0 V , 3 5 0cd/i 2 ©Stilife («3tS** 
*Amax = 5 0 0did) ©»3fcjW*S3ttfc. »g©¥#t 
ttfflttl 6 0 0P$^T, -tOW©B»«ffi©±#tt2. 

3v -rabofc. a=fc, y-^7.^5/h©aia*5<tixsEs 

[0 3 0 6] a6K-t©ftt>*ilU-^tt8^6r. * 

[0 3 0 7] ;m&©is*ti. T^yHiU^ 
**fcA©&B*frfc+#fc»&L"a»*fl». 

&aa-r5««*»5, ssicitsast^g u omA/ci 2 ) 

TattB»S*fc. IDS8fcttl4 0 0cd/n ! ©&»«£ 
a*U fOfWHB4 0 0IMIT, ^©PflOBWaE 

©±#«5. ovr»r>&. 

[0 3 0 8] <glS0iJl 5. 1 6>£;Kflll 4 tC^Vi 

t. £&m i ©fc^ftoftto o ic 2 ©fc£#j£ 

&tt*«fl3©fc£*4m»TH«fcELJlff*#, « 
mm 1 0 mA/cm 2 ©afr-CHflHcttttSBtifc. 

[0 3 0 9] g&mi 4~1 6fcOViT««ES6S[l OmA 
/cm 2 ©&#T©4$tt£ 1 £ ©T^ 2 tejRf. 

[0 3 10] 

»2] 





ft** 






ipi 

(eV) 


0 be 

Icd/n') 


m 


mm 

(hr) 


(V) 


SgftfeMM 




350 


6.0 


1600 


2.3 


0.29 




IWJ2 


360 


3.8 


1800 


2.5 


0.28 


XMHM 




330 


5.8 


1500 


2.3 


0.26 



[0 3 11] <%1&M1 7. 1 8>*tt«l 4K*VJ 50 X, 1 ©fc*»©ftt)0C. |Q 
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[0 3 12] <*iim9>B;£2 0 0oi©ITOaW 
(»ff) £*rfS#5XS«£, tttftH, 7-th 

$X*y-;WS5l£±tfT&*8LTUV/Os fflc# 
Lfc&. **8B©S«*;i^-lCH£l,T, 1X10 

[0 3 13] s-j*. *ft«i©ft:^*t^u>s-tn 

-t'tlO. 2nm/sec. 0. 0 2nm/secfflsS^jiS'Ch-^ 

[0 3 14] MEttttfcfll-ofc**. MJ* 

(8-*/'J/5h) 7JU5X?A£1«;£&0. 2nm 
/secT5 0ni©fP;£K«»l/T. m^&A?£i£ • f£3tB 



165 



JO 



« [0 3 15] *EEtttt*«ofc**. MgAg 

(SSJfclO: 1) ZMiimMO. 2nm/secT?2 0 Odd 

[0 3 16] COEL*?ICit8l«BE*BiaU 
iB^Tl 0mVcm J ©-£m«MTSOT!!!$l!-fc. ffl 
Mica. 6. 2V. 5 5 0cd/W ©Hfe (B3fcS*«fi 
a max =55 Onm) ©SBfoWtBSftfc. »«©¥«!* 
HB1 5 0 OHrHITC, *om©BKi«EEO±#tt2. 8 
V T&ofc. 

[0 3 1 7] <£!MI2 0, 2 1>£J£W1 9IC*5^ 

T, £«m©fl:&tt©ftbDic. S1M2®fl:*tt£ 

&tt*«fl3©fcfctt*m»TRI«K:EL*?*1*, n 

[0 3 18] gfffll 9~2 lfcrH»Ttttt**£*T 
&3lC*f. 
[0 3 19] 
[S3] 





ft £ M 


to m 




IP* 
(eV) 


m g 

(cd/m 8 ) 


B S 
(V) 


warn 

(hr) 


(V) 


XMHU 


3SHW1 


550 


6.2 


1500 


2.8 


0.29 


33«o 


10*012 


580 


6.1 


1600 


3.0 


0.28 


XMM21 




530 


6.2 


1300 


2.9 


0.26 



[0 3 2 0] <mSS0J2 2. 2 3>3MMU 9fc*^ 
T, *««lOft^«©ftt)0K. &S«4©fc£*t 

«iC»tt£H"«&fc;i5. £ttfll 9 iH50l±©A*F 5(7 

[0 3 2 1] <*^fia|2 4>^a2 0 Onm© I TOjgW 

mm mm 4*-r*«5^««*, 7th 

tlx^y-^if*6gi*±ifc«iUTUv/Oi 
i/fca. Ka«*8«©««*;^-icH«tT, X$ 

«* 1 x 1 0- 4 PaaT*T«BEUfc. 

[0 3 2 2] ST. #U (W7i>-2, 5-^ 
)W Zmmmmo. lnni/secTifo2 0nD©J*aiCl* 

[0 3 2 3] *UT*2»ft*»TlCKU IStf3l£lf 
* 1 x l 0-<PaGlTmftEEl/&flfc. HJS{SJ 1 ©fl:^* 
i;^P>*-tn-e*iai»aflEO. 1-0. 2nm/sec. 
0. 0 1~0. 0 2nm/secTh-^)V*?J5 5nm©J¥atC 
#*#U S£jE?LttAli2iJI£Ufc. 
[0 3 2 4] S5IC, &BEtt!££ft?fci;£, HJX 
(8-*/'J/5H 7JW5X<}A£l*jSgO. 1~ 
0. 2nm/secT»5 0nn©JP3ICi$gSl,, «TttAfS2l 

[0 3 2 5] aSlC. **EEttttfc«o&**. MgAg 50 



(filJtlO : 1) £j£;»aaE0. 2DD/secT*<j2 0 0 
nm©jpaiC«*UTBStU. ELtfFfcttfc. 

[0326] c©ELjSi?icassmE&wjnu 

ffl^Tl OmA/ciD 2 ©-^mtSt^ST!a^ffii)a#fc. m 
Mica. 6. 2V, 4 2 0cd/m 2 ©mfi (£%«*ttft 
A max = 5 5 Onm) ©»3t*qt»an3t. «£©¥«!$ 
Wtt2 0 OOttlB-C. -t©M©Bfl«£E©±#tt4. 9 
V 

[0 3 2 7] Ctt&OtSJIltt, T-fA^H ttTfSffl 
T*fc«&©£5*fr*+*HCSIfcl/-n»Sx)t. #4>tt* 
a*>tCi!5«St®£ (4 0mA/cm 2 ) 
TaSciEWa-a-fe. $Mlcai 4 9 0cd/D 2 ©S5«S£ 
St. *©**«W»5 0 0«fMT. -€-©ra©ffi»*E 
©±#a3. 5VT£^>fc. 

[0 3 2 8] <HltM 2 5 > WJ 2 4 IC&^T, «r 

jEHSLxmmm^m^tzmmm 1 ©fl;£«j©ttfc»?Jc£ 

ftW4©ft^«SfflVi*B*»ttH*lCUTELJ|S : r*ft 
ft. £©EL*TfcO^T*«M2 4fcH«IC»tt*H 
^fctC5. *JS«2 4iH*£U:©fiffa:|i«S*b 
fc. 

[0 3 2 9] <^BS08 2 6>Jfa2 0 Onm© I TOSW 

(■» £*-rs#7**«£. ftt^sij. 7-th 
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SI xi O-Pa&TSTMJEELfc. 

[0 3 3 0] *1\ **«ll«!Xb^*t*»aulEO. 1 
~0. 2 nm/secTift 5 5nm/sec©J*£l;3»U lEttS 
AttiMStbfc. 

[0 3 3 1] $e.C. tt£Eft££ft?fc££. HlfBiEtt 

aAHaittfit^ttxttaiuwtUThux (8-+ 
;'j;?h) yjus-^AtaHtwi:**** (o. i 

~0. 2nm/sec) T&5£»bT, g£JBS5fi3tlifcbT 

*«j4 oiM©*ac»)8i/fc. 

[0 3 3 2] $etc, ME«? 
£AM2!ttfl£**:«iK0. 1-0. 2niD/secT«<j3 0 
nm©JMI;:«*U ft^SAffciStLfc. 

[0 3 3 3] S&C, MKl*|g£&o;fcS£, MgAg 

(S*itl0:l) &mmm&0. 2nm/secT*>j2 0 0 
nm©Jpai::«*LTI!MfcU EL#FS3fc. 

[0 3 3 4] COELJimcitWIEftSliDL. 
H»T1 OaVci , ©-««»«flrrattB»Stt&. 30 
Mfctt. 6. 7V , 4 7 0cd/m 2 ©JSiSlfi «yt«*« 
ft A max = 5 0 0nm) ©^7t*?«|g$nfc. ®«©¥fl£ 

iSHtt2 o o opsmrr, ^©ra©ramffi®j:#«3. 

0V Tfcofc. 

[0 3 3 5] 2 7 >Sffi0J 2 6 £&t>T. 3E?L 

aAtSiiJl&cfctfrlSJl Kffl^&**«i© 
ft£ti©ftfr D ££ttfl4 ©fc£ttsm»«H*»B|ai« 
KbTELarFSfffc. E©EL*^lc:3HTl*lM!2 
6£B«fctttt£H'<fcfcJ:3, «32 6 fcneCU 

[0 3 3 6] <ldg0i2 8>JP3 2 0 0na©I TOjSW 
(HO) **-f*;tf5X»g*. *tt«cJW, 

bfc«, *a**»«©a«*^^-CHJ6tT. «s 
»£1 X 1 0" 4 PaOT*TMflEL/to 

[0 3 3 7] £?\ tfU (?*7i>-2, 6 -3?-f 
;W £s£iSj££i!$j0. lDn/secT2 OnnOJP^lC&tf 

[0 3 3 8] *t»T*a***aTtHL. 
ftixi 0-'Pi£tT*-C«Etfca. £IK0!ll©<b&tt 
SISjSSO. 1~0. 2nm/secTif$j3 5tm©Jf Sid 
»U a=iE?LttAH2IJii:Ufc. 

[0 3 3 9] InJteSgx 

(0. 1-0. 2 nii/sec) TftfttLT. fg£SSf63t 
Jf <tbT*<j4 OnnK&JfSlCJgfifcbfc. 

[0 3 4 0] MEtf9g£«ofc3;£, HUE*? 

&Atft£tm£9R*aUE0. 1~0. 2nm/secT*?j3 0 
mnOffStJSSft. *fftA*2«ibJfc. 

[0 3 4 1] 3 SC. J£KtfSg££oft3:i;. MgAg 
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(fifiJtlO : 1) £l*jSS0. 2nm/secT*tl2 0 0 
M©JMfc«*LTMi:U EL*?fcttfc. 

[0 3 4 23 C©EL*?K|tWIEtmgU tt*8» 
EBmTl 0mA/cm 2 ©-^^gTa^»$-B-fc. ftl 
MKtt, 6. IV. 3 5 0cd/m J ©Stftfi (^Tt^Aifi 
SAmax = 5 0 0nm) ©SBt«t«BSnfc. J*g©¥M 
^Mtt3 0 0 0I^WT?, -t©IH©BW8EE©±JM45. 
0V T&ofc. 

[0 3 4 33 <JlJS0iJ2 9>MM2 8i:«DT, S& 
J0 «©KJ»tl 0Mtr4a39»tt|8I«lCEL3|ff4f». R 
tSICftttSfFtfLfc. dOif&g, fflttKtt6. 2V . 3 
6 0cd/m J ©ftiSfe (&%ff*ftftAnx = 5 0 Onm) 

©3B3fcjWt«anfc. wa©#«^KB2 1 o ossim 

T, -5-fflrp^©ISl!l®E©±#«3. 3V TJ-jfc. 
[0 3 4 43 <*J&0J 3 0 >#ElKfl 2 8 Sg= 
IE?LaA$&iIllS<fctf?l£Ji (3B3fcH) fcjefr>&*lM 

i ©ft^*©ftto o cgffit* 4 toifc-&#j Sffl t»* a*»tt 

R&fct/T EL C:©ELSI-f»CtPViT*« 

i» K±©&fffclS*SjSl,&. 

[0 3 4 53 ft*, ±K^i£0lJ9~3 0 IC&^T. ±B 
©*5BW©ft^*©S*>, «Slfe*»SOft§ft© 1 

aa±sH*Kfflv»TRi*ica*©EL*^*#. n« 

IcftteSMbfetilS. *?©*Ufttc«i;iqift©|8X 
[0 3 4 63 

[»«©»*] *5893©ft^*tt. Hjilt]V9XifNi 

gfi^±Tt>££ft7^77 7«!&£^ffcU TOT 
50 AflFftBMijR-f. fEoT/tf >*MIMttB»SCfc 

ft<> -tna#7»gw:-r*^t*fr#*. 
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